Introduction {#sec1}
============

Hepatocellular carcinoma (HCC) is one of the most common malignant tumors in the worldwide, and lays on the third leading cancer-related deaths,[@bib1], [@bib2], [@bib3] coming with the epidemiological characteristics of high degree of malignancy, high metastasis rate, high recurrence rate and low survival rate.[@bib4] HCC is a huge threat for human\'s lives and healthy, and becomes a huge challenge for the maintenance of human public health.[@bib5], [@bib6], [@bib7] Hepatocellular carcinoma is the imbalance in the regulation of gene transcription level, which leads to the formation of clonal abnormal proliferation of new organisms. The etiopathology of HCC is complicated such as the activation of many oncogenes, and the inactivation of tumor suppressor genes.[@bib8] Because of the lack of effective means of early diagnosis, most patients were diagnosed in the advanced stage with distant metastases or intrahepatic metastasis. In spite of given aggressive treatment, such as liver transplantation, molecular biological treatment, the five-year survival rate is within 30%.[@bib9] Because of the poor prognosis, and the short survival time, early detection and diagnosis are of great at significance. And early diagnosis could help to receive timely effective treatment, finally to improve the prognosis and prolong the survival period.

MicroRNA (miRNA) is a single stranded, endogenous non-coding small molecule RNA.[@bib10] A number of studies have confirmed that miRNAs may play an important role in the diagnosis and targeted therapy of cancer.[@bib11], [@bib12], [@bib13] The abnormal expression of some specific miRNAs had been demonstrated in specimens of liver.[@bib14], [@bib15] Studies have shown that many miRNAs were participated in the multiplication and metastasis of HCC, which having important significance for the treatment and the prognosis. This study means to make clear that the relationship of the expression level of miR-4463 with pathology and physiology of HCC. And we had tried to analysis the correlation between the expression of miR-4463 and the clinical characteristics. But there was no related research of the expression of miR-4463 in HCC.

Materials and methods {#sec2}
=====================

Case group and control group {#sec2.1}
----------------------------

Forty-five samples with HCC were collected from First Affiliated Hospital and Nanhua Hospital of University of South China, without any treatment. All patients were diagnosed by two methods of ultrasound, CT and histopathology, which combined with related-history and the level of serum AFP.[@bib16] Forty-five normal samples were obtained from the physical examination center in Nanhua Hospital of University of South China. All participators had written informed consent before the study, which was permitted by the Ethics Committee of University of South China. 2 ml peripheral blood was obtained from all the patients and volunteers. Then the upper serum were obtained after centrifugation and stored in −80 °C.

The HCC group includes 12 females and 33 males (age 31--80 years, mean 57.64 ± 11.52 years). And the control group was made up of 18 females and 27 males (aged 28--72 years, mean 45.22 ± 11.28 years).

RNA extraction {#sec2.2}
--------------

200 ul serum and 1000 ul QIAzol Lysis Reagent were mixed in tube. Then 7 ul miRNeasy Serum/Plasma Spike-In Control (Qiagen, Germany) was added and mixed thoroughly. 200 ul chloroform was added to the tube and shook vigorously for 15 s and incubated for 2 min, which followed by centrifugation for 15 min at 12000× *g* at 4 °C. Then 600 ul of the upper aqueous phase was transferred to a new collection tube, and 900 ul ethanol was put into the tube and mixed thoroughly. Each 700 ul of the mixture was added into an RNeasy MinElute spin column which with a 2 ml collection tube, and centrifuged. Then 700 ul Buffer RWT was put into the RNeasy MinElute spin column, and centrifuged. Then 500 ul Buffer RPE was added into the RNeasy MinElute spin column, and centrifuged. 500 ul of 80% ethanol was put into the RNeasy MinElute spin column, and centrifuged. A new 2 ml collection tube was placed into the RNeasy MinElute spin column, and centrifuged, as to dry the spin column membrane. A new 1.5 ml collection tube was placed into the RNeasy MinElute spin column. Then 14 ul RNase-free water was added directly to the center of the spin column membrane, and centrifuged. The leftover was the total RNA.

cDNA synthesis {#sec2.3}
--------------

The reagents of RNA reverse transcription to cDNA had used miScript Reverse Transcriptase Kit (Qiagen, Germany). We had mixed the 3 ul purified RNA, 4 ul of 5× miScript HISpec Buffer, 2 ul of 10× miScript Nucleics Mix, 9 ul of RNase-free water and 2 ul of miScript Reverse Transcriptase Mix. In brief, the final volume in the tube was 20 ul. Incubated for 60 min at 37 °C, 5 min at 95 °C and 30 min at 4 °C. Finally 200 ul RNase-free water had been added into the tube, and stored the whole at −20 °C.

Real-time PCR {#sec2.4}
-------------

MiScript SYBR Green PCR Kit (Qiagen, Germany) was used for miRNA quantification. Each reaction includes 5 ul of 2× QuantiTect SYBR Green PCR master Mix, 1 ul of 10× miScript Universal Primer, 1 ul of 10× Has_miR-39 miScript Primer Assay or 1 ul of miR-4463 miScript Primer Assay, 2 ul of RNase-free water and 1 ul of Diluted reverse transcription reaction. So the total volume was 10 ul. The 48-well plate had been used. And each sample was provided with multiple holes and repeated three times to make sure the accuracy of the finally result. There were two steps for the reaction, first one was PCR initial activation at 95 °C for 15 min, followed by 40 cycles of 94 °C for 15 s, 55 °C for 30 s, and 70 °C for 30 s.

The cycle threshold (Ct) value means the cycle number at which fluorescence is crossed a threshold. The expression of miRNA is normalized by calculating ΔCT value, which is compared with the reference CT value (ΔCT = CT~IncRNA~−CT~reference~). The relative amount of each miRNA-4463 in HCC serum and the normal people serum was calculated with the equation 2^−ΔΔCT^(ΔΔCT = ΔCT~HCC~−ΔCT~normal~).[@bib17], [@bib18], [@bib19]

Statistical analysis {#sec2.5}
--------------------

SPSS version 22.0 (IBM, Chicago, IL) and GraphPad Prism 6 (GraphPad Software, USA) were used for statistical analyses. Qualitative variables were expressed as mean ± standard deviation. Therefore, the significant differences between the different research groups were determined by *t*-test and one-way analysis of variance (ANOVA) test. The difference was statistically significant at P value \< 0.05.

Results {#sec3}
=======

The expression level of miRNA-4463 was up-regulated in HCC {#sec3.1}
----------------------------------------------------------

In order to clarify the difference of the expression level of miRNA-4463 and miRNA-6087 in HCC and control group, we had collected the HCC and healthy people blood, and detected the expression level of miRNA-4463 of each serum by using the RT-PCR. The results illustrated that the expression level of miR-4463 in HCC was indeed higher than the control group, with the mean (7.40 ± 1.33) in HCC and the mean (3.65 ± 0.79) in non-HCC ([Fig. 1](#fig1){ref-type="fig"}A). And the difference was statistically significant (P \< 0.05). At the same time, we had made analysis of miRNA-6087 in the same way, and the results showed the there was no difference in the HCC and control group ([Fig. 1](#fig1){ref-type="fig"}B).Fig. 1The expression levels of microRNA-4463 in HCC and in healthy people. A shows that the expression level of miRNA-4463 was significant different (\*P \< 0.05) between HCC and normal group. Besides the expression of miRNA-6087 in HCC and control group was no different.Fig. 1

There had no correlation between the expression level of miR-4463 and the clinical features in HCC {#sec3.2}
--------------------------------------------------------------------------------------------------

The results showed that the expression level of miRNA-4463 was up-regulated in HCC. We next wonder whether the clinical features had the correlation with the expression level of miRNA-4463. So we make comparisons of the expression level of miRNA-4463 in HCC, which we set groups at gender, cell types, staging of the disease, the size of the tumor, ALT, AST, TBIL and HBsAg status ([Table 1](#tbl1){ref-type="table"}). The final results indicated that there were no significant correlation of miRNA-4463 with clinical characteristics such as gender, cell types, the stages of the disease, the size of the tumor, ALT, AST, TBIL and HBV status (P \> 0.05).Table 1Expression and clinical correlation analyses in HCC.Table 1n%Mean ± SDP-ValueSexFemale12277.82 ± 1.340.22Male33737.25 ± 1.31Size of tumor≤5 cm15337.34 ± 1.340.82\>5 cm30677.44 ± 1.34Staging\*I, II9207.54 ± 1.150.71III, IV36807.37 ± 1.38Cell TypesHepatocellular30677.05 ± 1.020.29Cholangiocarcinoma8188.05 ± 1.92Mixed7157.32 ± 1.18ALT≥65IU/L19427.41 ± 1.220.53\<65IU/L26587.40 ± 1.43AST≥65IU/L14317.58 ± 1.150.97\<65IU/L31697.33 ± 1.41TBIL≥25 umol/L16367.45 ± 1.290.87\<25 umol/L29647.38 ± 1.36HBsAg statusHBsAg^+^19427.17 ± 1.120.30HBsAg^−^26587.57 ± 1.46

However, the expression level of miRNA-4463 was related with AFP levels. Since the level of AFP helps to diagnose HCC, we tried to found out whether there was a difference in the group of AFP higher than 400 μg/l and in the group of AFP lower than 400 μg/l ([Table 2](#tbl2){ref-type="table"}). It showed that the expression level of miRNA-4463 had a significant difference (P \< 0.05). But the expression level of miRNA-4463 with AFP level is negative correlation. The group of AFP lower than 400 μg/l, has a higher expression level of miRNA-4463. Furthermore, we had made a comparison between the group of AFP \<400 μg/l and the control group for the purpose of to diagnose the patients with HCC in AFP level lower than 400 μg/l ([Table 3](#tbl3){ref-type="table"}). The data indicates that the expression level of miRNA-4463 is higher in the group of AFP level lower than 400 μg/l compare to the control group. And the statistical significance is calculated (P \< 0.05). For the low sensitivity of AFP to diagnose HCC, detecting the expression level of miRNA-4463 will help a lot to make diagnosis of HCC, even those patients have the AFP level lower than 400 μg/l.Table 2Expression and the analysis of the correlation of AFP in HCC.Table 2AFPn%Mean ± SDP-Value\>40023516.53 ± 0.95P \< 0.05\<40022497.84 ± 1.28Table 3Analyse between the group of AFP\<400 ug/L and the control group.Table 3nRangeMean ± SDP-ValueNormal people452.21--5.613.65 ± 0.79P \< 0.05AFP\<400 ug/L305.31--9.987.84 ± 1.28

We used the median expression level of all 45 patients as the cut-off point.[@bib19] And patients were divided into two groups with low or high expression level of miRNA-4463 ([Fig. 2](#fig2){ref-type="fig"}). Kaplan--Meier analysis showed that patients with high level of miRNA-4463 had a shorter survival time (P \< 0.05). The mean survive time of high group is (4.55 ± 0.64 months), which is shorter than the other group (mean 6.28 ± 1.56 months).Fig. 2The survival times of HCC patients. Red line means the patients has a longer survival time in the lower expression level of miRNA-4463 (\<7.40), with the mean time (6.28 ± 1.56 months). The green line shows that patients has a shorter survival time in the group, of which the miRNA-4463 (\>7.40) expression level is higher, with the mean time (4.55 ± 0.64 months). And the difference is statistically significant (P \< 0.05).Fig. 2

Serum miRNA-4463 could be a new marker for diagnose and prognostic evaluation in HCC {#sec3.3}
------------------------------------------------------------------------------------

In this study, the results suggested that the serum miRNA-4463 in HCC was much higher than the control group certainly. And the disorder of miRNA-4463 happened at the every stages in HCC, including the early-stage. So miRNA-4463 can be detected as a method for early diagnostic of HCC, and it could be a new marker in the diagnosis of HCC. We found that the 95% confidence interval (95%CI) of the HCC is 7.01--7.79. It illustrates that people who gets the expression level of miR-4463 in this area can be highly thought to diagnose HCC. For the patients who have the AFP level lower than 400 ug/l, the expression level of miRNA-4463 is high mostly, and will help to diagnose HCC.

The results show that patients with high expression level of miRNA-4463 seem to live a shorter time. And the patients are likely to live a longer time with low miRNA-4463 expression. So the expression level of miRNA-4463 may evaluate prognosis.

Discussion {#sec4}
==========

Hepatocellular carcinoma is always associated with a poor prognosis. Owing to the hiding of clinical symptoms, patients may ignore the ultrasound, CT and other imaging examinations, which may cause a delay in diagnosis, finally to the advanced-stage of HCC.[@bib20], [@bib21], [@bib22] At present, the diagnosis of HCC is mainly carried out by serum AFP and imaging examination, but the specificity and sensitivity of these diagnostic tests remain deficient for detecting HCC at early stage.[@bib23], [@bib24] At the same time, due to the appearance of chemo-resistance and the toxic side effects, intra-hepatic and distant metastases lead to a high cancer recurrence rate and short survival time even with the advanced therapeutic strategies.[@bib25], [@bib26], [@bib27] Invasion and metastasis are still problems which need to be solved urgently. If early diagnosis possible, especially when the only nodule or the nodules\' size smaller than 2 cm, then the treatment effect may be much better, and the 5-year survival rate will be greatly extended. So we need an effective method to improve the early diagnosis and the results of treatment of HCC. Alpha-fetoprotein (AFP) acts as the most common bio-marker of HCC, but the accuracy of the diagnosis was limited.[@bib28], [@bib29] The up-regulating of AFP is inconspicuous at the early stage of HCC, even without any rise. Besides, the AFP also increased in benign liver diseases such as viral hepatitis.[@bib30], [@bib31] Detecting AFP has variable effectiveness for diagnosis HCC.[@bib14], [@bib32], [@bib33], [@bib34]

However, for miRNAs, the expression in body tissues or fluids is earlier and more stable.[@bib35], [@bib36], [@bib37] Studies showed that miRNAs are to be resistant to extreme pH, high temperature, and even repeated freezing--thawing cycles. What\'s more, the expression of miRNAs can be found in HCC tissues, cells and serum.[@bib15], [@bib38], [@bib39], [@bib40] A growing number of studies have indicated that miRNAs had played an important role in many biological processes, including the occurrence, development, proliferation and metastasis of many diseases.[@bib41], [@bib42], [@bib43], [@bib44], [@bib45], [@bib46] Studies showed that miR-122a is a rich liver-specific miRNA, which down-regulated in about 70% HCC.[@bib47], [@bib48] Chen WX et al. found the expression of miR-630 had a relationship of metastasis and TNM. It showed that patients with the up-regulated expression of miR-630 met the longer survival time and lower recurrence rate than those who with the down-regulated expression. The research indicated that the miR-630 could inhibit the metastasis of HCC, which can be used as marker of prognosis.[@bib49] Another study suggested that the ectopic over-expression of miR-379-5P could promote the invasion and metastasis of HCC *in vivo or in vitro*, through the miR-379-5P/FAK/AKT signaling pathway as well as the EMT process.[@bib50] Tomimaru et al. detected the expression level of miR-21 was significantly higher in HCC than in no-HCC.[@bib51] At the same time, miR-21 had been confirmed to be regarded as a marker for early diagnosis of liver cancer.[@bib52] Although there are a considerable number of studies on miRNAs in HCC, and it also shows the relationship between the diagnosis, metastasis and prognosis of HCC, but there is no report about the expression of miR-4463.

MiRNA-4463 and miRNA-6087 were chose by high-throughput screened, and we made the gene chip to make sure the difference of HCC and normal blood, which the expression level has significant difference between the hepatocellular carcinoma patients and normal human (data no shown). And the blood of HCC patients without any treatments and the blood of control group were collected for this study. Finally we detected the expression level of miR-4463 and miR-6087 in HCC patients and control group by qRT-PCR. And to ensure the accuracy and credibility of the experimental results, we had repeated the experiment three times. We had compared the expression level of serum in HCC and the normal serum. We had found that the miR-4463 was also expressed in normal serum, but is extremely lower than the HCC. So we could infer that the miR-4463 in serum comes from tumor cells. And we will do further explore in future study. Compared with the control group, the expression of miR-4463 was significantly higher in HCC, and the difference was statistically significant (P \< 0.05), but there was no difference in sex, pathological type, the stages of the disease, the size of the tumor, ALT, AST, TBIL and HBsAg status (P \> 0.05). So we have drawn a conclusion that miR-4463 is up-regulated in HCC no matter of the stages, sexes, cell types, size of tumor, ALT, AST, TBIL and HBsAg status. The disorder of expression of miRNA-4463 can be detected in HCC, if only the patients were diagnosed as HCC. In a word, the miRNA-4463 is highly thought to be a new marker to diagnose HCC including in the early-stage. Besides, there was a significant difference of different level of AFP in HCC (P \< 0.05). In this study, we had the higher expression level of miRNA-4463 in the group of lower-AFP (P \< 0.05). For the low specificity and sensitivity of AFP, the detection of miRNA-4463 will contribute more to the diagnosis of HCC. In this study, people who have the expression level between 7.01 and 7.79 will highly be diagnosed of HCC. So serum miRNA-4463 may serve as a new potential marker in the diagnosis of HCC. But it still need more study to make sure. Besides, we had made the follow-up investigation to the all patients. The results show that the patients who had a higher level of miRNA-4463 were likely to have a shorter survival time. So serum miRNA-4463 also may be a new marker in the prognostic evaluation. But due to the limit of test time and the sample amount, we couldn\'t know whether the expression level of miR-4463 after any treatment reduces or rises. And we will do more research in future. We need to do more research about how to set the diagnosis standard to a certain value, and evaluate the survival time before and after treatment. Thereby more eloquent testimony is needed to their accuracy of miRNA-4463, to help to make diagnose of HCC, and even to help to predict the prognosis of HCC. There only two articles had done study about miR-4463 in the research of cancer field. Ding had found that the expression of miR-4463 were significant up-regulated in polycystic ovary syndrome, but the biological function remains unclear.[@bib53] But the expression of miR-4463 was down-regulated in arteriosclerosis obliterans in He\'s research. And they had found that the miR-4463 is participant in regulating the cell migration and polarity via targeting AMOT gene.[@bib54]

With the widely application of gene chip technology and RT-PCR reaction technique, the importance of microRNAs in disease may gradually clear, and the detection of the expression level of microRNAs for diagnosis may be gradually applied in clinic, finally it may become a new marker for diagnosis of tumors. In our study, the expression level of miR-4463 in patients with HCC is significantly higher than non-HCC, and the patients with higher level of miRNA-4463 have a shorter survival time. It indicated that the miRNA-4463 plays an important role in the prognosis of HCC. Serum miRNA-4463 provided new ideas to the diagnosis of HCC. In the future, we may evaluate the therapeutic effect by detecting the expression of miRNA-4463 before and after treatment. And the detecting of miRNA-4463 may bring a new method for the prognosis evaluation, and lay the foundation for the new molecular targeted therapy.

Conflicts of interest {#sec5}
=====================

None.

Grantsponsor: National Nature Science Foundation of China, Grant number: 81272960; Key Research Program from Science and Technology Department of Hunan Province China, Grant number: 2013WK2010 and 2014SK2015; Key Research Program from Ministry of human Resources and Social Security of the People\'s Republic of China, Grant number: (2016)176; The fund of Tianqing liver disease research, Grant number: (TQGB20140155).

Peer review under responsibility of Chongqing Medical University.

[^1]: T.Hu and J.Li contributed equally to this work.
